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— Abstract —

Airberne Concentrations of Welding Fume and Metal
Compenents by Type of Welding

Kwon Sup Lee and Nam Won Paik
Division of Indusirial Health, School of Public Health, Seoul National Universily, Seoul, Korea

This study was conducted to evaluate worker exposure to welding fume in automobile
body shop and to evaluate metal components by type of welding. The results are summa-
rized as follows:

1. Average concentrations of total welding fume without and with ventilation were 5.2
mg/m® and 2.49 mg/m’, respectively. Thus, the average reduction rate of total fume by

ventilation was 52.1 %.

2. The highest fume concentration was indicated at shielded arc welding, followed by
CO: gas welding, argon arc welding, and spot welding in order of decreasing concen-
tration.

3. Average respirable fume concentrations without and with ventilation were 2.97 mg/m?
and 1.64 mg/m’, respectively.

4. Further analysis of welding fume indicated that total fume consisted of Fe:0s, ZnO,
Mn, Pb, and CuO, in order of decreasing amount. Combined effect of metals was
below the American Conference of Governmental Industrial Hygienists (ACGIH)—
Threshold Limit Values (TLVs).
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Table 1. Type of Welding and Local Exhaust by Work-site

Work site Types of Welding Type of Local Exhaust System
Body Build Shield Arc W. Canopy Hood
Argon Arc W. Canopy Hood
CO:z Gas Arc W. Flexible Duct
Body Side CO: Gas Arc W. Flexible Duct
Spot W. Flexible Duct
Body Floor CO:2 Gas Arc W. Flexible Duct
Spot W. Flexible Duct
Body Complet Soldering Enclosing Hood

Table 2. Analytical Condition of Atomic Absorption Spectrophotometer by Metal

Condition Metal

Zn Mn Cu Fe Pb
Lamp current (mA) 50 5.0 3.0 7.0 5.0
Slits width (nm) 0.5 0.2 05 0.2 1.0
Wavelength (nm) 2139 2795 3247 248.3 217.0
Air pressure (kg/cm®) 38 38 338 38 38
Acetylene pressure (kg/cm®) 07 0.7 0.7 07 0.7
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Table 3. Airbone Concentration of Total Welding Fume by Ventilation and Type of Welding

Type No of Samples by Fume Concentration, mg/m® Total No.
of
Welding >1.99 2.00—4.99 5.00—9.99 10.0< Samples
Ventilation Off
Shielded A.W. 1 4 5 4 14
Argon AW. 1 3 4 . 8
CO:2 Gas W. 1 5 7 2 15
Spot W. 2 2 4 8
Total 5 14 20 6 45
Ventilation On
Shielded A W. 1 7 3 11
Argon A W. 4 3 2 9
CO: Gas W. 3 6 3 12
Spot W. 4 7 1 12
Total 12 23 9 44

Table 4. GM and GSD of Airborne welding Fume Concentrations by Type of Welding with and without ventilation

Type of No. of Total Welding Fume Concentration Reduction Rate
(%)

Welding Samples GM GSD Range

(mg/m®) (mg/m’)
Ventilation Off (Cy)
Shielded A.W. 14 6.63 2.09 1.27—16.63
Argon AW, 8 4.70 1.67 1.60— 850
CO2 Gas W. 15 5.56 1.72 1.50—11.10
Spot W. 8 331 222 1.00— 8.00
Average 45 5.20 1.94 1.00—16.63
Ventilation On (CO2)
Shield A.W. 11 an 1.87 0.84— 7.82 531
Argon AW. 9 2.04 242 0.50—5.36 56.6
CO:2 Gas W. 12 2.90 1.84 0.82— 6.60 47.8
Spot W. 12 202 2.06 0.40— 6.00 389
Average 44 249 1.99 0.40— 7.82 52.1

o] 3 E, £ 59 AN EAEL U5 A
% ¥ (lognormal distribution)}& #ctn B iHo]
Ao (sterm 5, 1984; ACGIH, 1977), ¥ 47
o F 4HE ¥xx 19 1A BE nig Zo
Zt wxe Bt AAdY AFE W U R
¥ E 33 3o 71314 T (geometric mean, GM)
7 X2 A 73 E5H 3} geometric standard
deviation, GSD)& 2z} #3ch.
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Fig. 1. Distribution of Airbome Concentrations of Total
Welding Fume by Type

Conference of Governmental Industrial Hygienis-
ts)7h AXE F BHEFY 38 F=(ACGIH,
1992) 5.0 mg/m*& ZFAsAEd ot I Tl
Rug ZHYAMY s85x 27 4880 %
Boe 232 oA HBE T, 1991).

44 iz TEotag el 14 AN8gF
IR 64.3 %) A&7} SEFEE Z2H3l
M E& FFOIUN, ol2E 4T SpotdHL
A8 8MF M (F50 %)7F 4 5=8 2Hsn
A M F& oA FAu7] AEE T
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=%
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X9 sty AxEQ JHEFHAE U
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63) mg/m’ e 2 L FEE AT FEoIULH,
ol A Fo] Hud ZHAYMY FV F F &
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Z3 £71%, 1991), Paik §°] A 713 A=

TR 37 5 HE &= % 5.0 mg/m’
BoE 28 £EoIAN(Gollers}t Paik, 1987).

$4E ¥y d2e AYolasHo] 6.63(1.27
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#E 71 B £F03 o] BRI FHBol3
34949 371F $PEFE 4.30(3,48—9.85)
mg/m*Et} #& FFoIUeH, SpotdFHIH of=
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(1.60—8.50) mg/m*'S & ¥|E¥E NG & &
FolcH (¥4, 1987).
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o, EH¥ed FAEL ol gHT vBola
£30] Z+7} 56.6 %9} 53.1 %8 EL F£Fo|Y
3, CO: 83 # Spot &3l 47.8 %9} 38.9 %2
ge FEolded, o £HE Haed A
ol £3¥Yy Wev TEFH HAE F2H7
Ade FHg A 9 Aol g Aoz A
Zt = Ak

TaM7] A4 7HE ol mE S-E ¥
X Zol & Hwaly] A EAAYE +734S 2
3, F4ul7) Al JbE A - 3 TR 8 F
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1) BYYENE 27|15 5/ TR 5

H5¢ 44%UE 3713 2§ £EES ¥
& 7893 4rxd JEEFEdE JE
dAeg 47 AN4E 7HEEA 4%E W9
1% 284 44¥FY $EE 2.97(0.60—8.60)
mg/m’ AERL, AN NEF HEr=d 239
A4 AN 30 ANES 100 A8(2433.3 %)F
Tsgon, $HYHERE Hiola$dH CO:
249 sEFFo 47 3.81 mg/m*S} 3.37
mg/m’e2 EL F£FoNey, qz&&YUY
Spot8 89 FEFEY 717 2.48 mg/m'#H 1.66
mg/m'e 2 %& &0k ® 327 AdE
HEdEn e ZAAM 2AF FTF Z8A
£4E ¥=E 1.64(0.43-5.52) mg/m'2 2, °
¥ Evans §°] 2% EFAH $HF = 7.3
mg/m'B2E H$ Fe& FFEIUD (Evans 7,
1979).
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ansFS RIE F L£HE o TEFA SHE
o] FHuge 70.6 % B} 2F 3L FFEoIAU
o1k (Evans 5, 1979). o3¢ $4& & ¥l&
o] zole AW, $HAE, FHARF - HY
o] 74270 B YL @1 Y €& ¢
AARY e ATV WY Aoz gAY

SHgud T A% 4 §HYAE 384
Fol 98 TFY S£HEY 4 & F=A
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3. 371F 8Y& ol #7E 385 48N
s

1) 834 Heg 2|5 835 424 3=
1% S3FE AHE 5470 AR $R/E
529 FE4 AR FEE #H¥ A= B T
%

H7A BHE uie) o] FAur] AdE 7+
A e A 4 345 AE9 7EH
AFEE Fe0: : 1.062(0.29-4.44) mg/m’, ZnO
2 0.154(0.02-0.96) mg/m’, Mn . 0.149(0. 01-0.
68) mg/m’, Pb :0.016(0.005-0.370) mg/m’,
CuOQ : 0.012(0. 001-0.036 mg/m*)2.2 o]& wlo]
ZALE 817] A Y7kE AlY B84 AR F
S(49HF41987)9 B8 FeOsr B2 &
o1, & 2E e FEoen,

FES HEL
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Table 5. Airborne Concentration of Respirable Welding Fume by Type of Welding with and without ventilation

Type of No. of L Respirable Fume Concentration
Welding Samples GM GSD Range
(mg/m®) (mg/m®
Ventilation Off
Shieled A W. 10 381 2.08 1.00—8.60
Argon AW. 6 248 2.04 0.81—6.80
CO:z Gas W. 12 3.37 2.17 0.60—7.90
Spot W. 5 1.66 2.13 0.80—4.38
Average 33 297 212 0.60—8.60
Ventilation On
Shielded AW. 7 2.00 1.59 1.00—3.68
Argon AW, 8 148 271 0.43—5.52
CO:2 Gas W. 11 1.88 1.99 057—4.20
Spot W. 8 1.26 1.98 0.60—4.00
Average 34 1.64 2.02 043—5.52
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Table 6. Comparison of Total Fume and Respirable Fume Concentration by Type of Welding

Type of GM of Total and Respirable Content (%)
3 3
Welding B Fume concentration, mg/m Resp. Fume %100
Total Fume Respirable Fume Total Fume
Ventilation Off
Shielded A W. 6.63 3.81 57.5
Argon AW. 4.70 248 52.8
COz Gas W. 5.56 3.37 60.6
Spot W. 331 1.66 50.2
Average 5.20 297 57.1
Ventilation On
Shielded A.W. 31 2.00 64.3
Argon AW. 204 1.48 72.5
CO2 Gas W. 290 1.88 64.8
Spot W. 202 1.26 624
Average 2.49 1.64 65.9

Phoon 53 # Fo] 244 43 AUFAA 2
A A 334 AEE % FFEOD e F
Fo|%tHPhoon¥} Tan, 1983; H%E3 7%,
1991). &3 ¥adz AHE AN 3 24
BEY F FETEL HEolA S 2.57 mg/m’,
CO8H 1.7 mg/m’, 22 E4H 1.14 mg/m’,
Spot&3 0.86 mg/m’e} €22 ¥ FFo|ULh

Tzl NS JHedtn FAdde FzdA

e OM

l[] Renge
= TLV~ TWA
*r 1 Totel weming Fyme

] mespteavis weiding Fume

., mgmw

Fumes Concentretion
- -
o k-2
——
. —
S—————————
—y

i

[E] of

e T T ”w_m'._m—m ~

{Vemtiiotion O11) { Ventuation On )
Fig. 2. Comparison of Total Fume and Respirable Fume
Concentration by Type of Welding with and
without Ventilation.

9 F8% 4¥¥ 5= £ £ Fe0s, ZnO,
Mn, Pb, CuO8 o8 & $30%29, &3
e g2 e gEolagd, CO44, o244,
Spot&H €28 FF& TR S F£F019
o},
F7HA o] fEE ¥/ LHEAE ¢l
© A F3A $H, A5 FE, E9 g,
=%, g7, FERY AN 2AsHe 474y
FeEZ, &, Fe7t: & EREATY f9
dol A Nz g B9l Fiddes A
7t gl & AAd v {HREo] TIFHE
24 B4 54¢ MEdez grisprlunge
F7HA £49 E#AHA 24(combined effect)ol
og# 2378 (additive effect)2 133t B}
gtojof 3y, <L EREY J|FEEE o
= el g3t &8, 2 F£A7} 10]44eld
HEFLEE 2948 Aoz BAIG (=52,
1991; ACGIH, 1992).

C, G G C.
T+T+ T3 ...... -T_n

714 Ce 2 stgtgd A5 =oln, TE
Z+ 3EtEde HeFxold,

R 7904 R ule} go] 24w AEE HE
32 WE Wel JtEdn e RAAAMY F
7% EREY HAEsre 4Fs 2AuLL
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Table 7. Airborne Concentration of Metal Components by Type of Welding

Additive Effect

Type No. of GM of Metal Component Concentrations, mg/m?
Welding Samples Zn0 Mn CuQ  Fe:0s Pb Total (TLV of mixture)
Ventilation Off
Shielded A.W. 7 0327 0503 0023 1674 0023 2573 1.29
Argon AW, 7 0.183 0117 0012 0818 0014 1.144 0.53
COz Gas W. 8 0155 0160 0013 1365 0015 1.708 0.69
Spot W. 8 0.068 0078 0006 0698 0014 0864 0.38
Average 30 0154 0149 0012 1062 0016 1393 062
Ventilation On
Shieled A W. 5 0.264 0208 0024 0802 0016 1314 0.77
Argon AW, 6 0092 0054 0010 0500 0007 0663 0.32
CO: Gas W. 7 0100 0120 0012 0636 0013 0881 0.47
Spot W. 6 004% 0040 0006 0415 0012 0522 0.27
Average 24 0101 008 0011 0565 0011 0773 0.40
ACGIH TLV-TWA - 5.0 1.0 0.1 50 0.15 1.00
Table 8. Comparison of Total Welding Fume and Total Metal Concentration by Ventilation off and on and
Type of Welding
Type of No. of GM of Total and Respirable Content (%)
. s
concentration, mg/m Total Metal X100
Welding Samples Total Fume Total Metal Total Fume
Ventilation Off
Shieled AW. 7 5.56 257 46.2
Argon AW. 7 4.70 1.14 243
CO2 Gas W. 8 531 171 322
Spot W. 8 331 0.86 300
Average 30 4.60 1.39 302
Ventilation On
Shieled A W. 5 277 1.32 47.7
Argon A.W. 6 1.89 0.66 349
COz Gas W. 7 2.78 0.88 317
Spot W. 6 252 052 206
Average 24 2.28 0.78 34.2

Z+z} 0.62(13.3 %)% 0.40(4.2 %)olQen, &
HAYeE TR 9% F545 TFEY HIFFE
T 2427 Ad 7HE2Ad o8 Spot £H0)
0.38, 0.272 71§ F& FFolNi, HBola g
He 247 1,29, 0.772 7t & $ZolArh
getA FE4& EFEY sEF 52 59U &
AAY FA dalMe (Fau7) ANde A

#F A&HA A B FAEES ) =
au7] AEE ARG T ALY A B9
AARTE 58 Ta7) ALY 588 FUs
o 8HE YRFE H23Y 5 UEE Fo
°f 31, &HAASF I 229 §HEF =
g 0171 A8 TFvt2a, £4 89 (helmet) 3}
2 ARABIZTE wh=aA] FRan AYstE
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2) EHE =59 8% 559 Hn

H 8& $HE U A€ $3% 559 FH
H] & (content) & 43 #Y ¥eEz Yebd 23
2 T2zl ANdE 7HEstA §& dedAy
43YHE 54 FE9 R EL d¥ola
8380l 46.2 %2 7}F ¥ $FOIUL, ol2&
43H3 Spot&Hol 747 24.3 % 0.0 %= 2
& FEoUL, Fhur] AL E 75 AH
o ZAF FHE Y ¥RE 359 R
H &AMz HBolagyo) 47.7 %2 /M &
F&ol 1L, Spot 870l 20.6 %2 7MF G& &
Zolgitt. ol9 @& HAAE Evans 5o FA
$HE U F54& FAHIE 610 % HUye B
F 3 v g FEoA 2 Y (Evans 7,
1979), #HE WY F¥& TR o] ¥& +F
2 SR M e SHE A YA
ZA4A F &£4EFY dio F8E vk ¥4
24 - gyrhste] RGP A T 224 A3
ddte] o]8E & Ue BYAEE Mook & A
o2 A

N&Ed &

B d7E 19929 39 5UREH 949 20874A] &
2 AA AAFEE $3AY 22RAES Y
o2 3o ZFaur] A JHedHe g &
Y9 F7F £3E F=9 3FY _HE
¥ 2 4HF U #878 4F 5545 48
FEE 9T AR ez Ade vE Eoh
1. £489d 715 84HF v=v T4y
NdE 7HEEA e W 5.20 mg/m’olRU
3, ZAu7) A JHEAlY Fxe 2.49
(0.40-7.82) mg/m'olov, #FYuEE:
HEola L3, CO.43, o2& 84, Spotd
Mo £o2 L FFEIU

2. ZFauj7] A9 sHEdeEd A% 8489
F& Aolg Hng A& HA HFUL
52.1 %on, Zawr] Ade 7ts A - ¥
o $HEF ¥ PideE EAHCE foF
o] 7} AR} (p<0.01)

3. £H¥YY F71F EFAH 8FEY FEE
Tawr) NdE A g W visky
ol 2.97(0.60-8.60) mg/m*eI% 1, =47
A2 7EAY 718RFL 1.64(0.43-5.52)
mg/m Ao & SHE AP THEAY &
HE9 #Rulge T4 AEZEANG 1
242t 57.1 % 65.9 %St

4. 371% $HF W ¥H/E FES ARe
Fe:0s, ZnO, Mn, Ph, CuQ8] ¢£28 & 4
Folon, §HYE FHAHAEY HAu &
£ g Eotag3, CO44, o244, Spot
£49 €22 $& FFoIUY.
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